Inhibition of islet amyloid polypeptide fibril formation: a potential role for heteroaromatic interactions.
The formation of amyloid fibril is associated with major human diseases, including Alzheimer's disease, prion diseases, and type 2 diabetes. Methods for efficient inhibition of amyloid fibril formation are therefore highly clinically important. A principal approach for the inhibition of amyloid formation is based on the use of modified molecular recognition elements. Here, we demonstrate efficient inhibition of amyloid formation of the type 2 diabetes-related human islet amyloid polypeptide (hIAPP) by a modified aromatic peptide fragment and a small aromatic polyphenol molecule. A molecular recognition assay using peptide array analysis suggested that molecular recognition between hIAPP and its core amyloidogenic module is mediated by aromatic rather than hydrophobic interactions. To study the possible effect of aromatic interactions on inhibition of hIAPP fibril formation, we have used peptide and small molecule inhibitors. The addition of a nonamyloidogenic peptide analogue of the core module NFGAILSS, in which phenylalanine was substituted with tyrosine (NYGAILSS), resulted in substantial inhibition of fibril formation by hIAPP. The inhibition was significantly stronger than the one achieved using a beta-sheet breaker-conjugated peptide NFGAILPP. On the basis of the molecular arrangement of the tyrosine-phenylalanine interaction, we suggest that the inhibition stems from the geometrical constrains of the heteroaromatic benzene-phenol interaction. In line with this notion, we demonstrate remarkable inhibition of hIAPP fibril formation and cytotoxicity toward pancreatic beta-cells by a small polyphenol molecule, the nontoxic phenol red compound. Taken together, our results provide further experimental support for the potential role of aromatic interactions in amyloid formation and establish a novel approach for its inhibition.